Studies have supported the validity of the deficit form of schizophrenia (ie, people with primary and enduring negative symptoms). A test of whether that group is a true taxonthat is, a distinct, discontinuous group-has yet to be conducted and the underlying structure of negative symptoms as categorical or dimensional remains undetermined. The present study examined the latent structure of negative and deficit symptoms to determine if a nonarbitrary boundary distinguishes deficit from nondeficit forms of schizophrenia (ie, whether these symptoms reflect a continuous or categorical variable). Schedule for the Deficit Syndrome ratings of 789 individuals with a psychotic disorder were submitted to taxometric and latent variable mixture analyses to test categorical vs dimensional hypotheses of negative symptoms and deficit schizophrenia. Analytic models favored a taxonic structure of negative symptoms and the validity of the deficit/nondeficit classification scheme. Taxometric classification outperformed clinician-based deficit/nondeficit classification in its association with summer birth, male sex, premorbid adjustment, neurocognition, and psychosocial functioning. Within taxon and complement classes, severity scores remained significant predictors of premorbid adjustment, neurocognition, and psychosocial functioning. Thus, although a categorical approach is validated, a hybrid categorical-dimensional conceptualization of negative symptoms also has validity for the prediction of external variables.
Introduction
The heterogeneity of the signs and symptoms of schizophrenia has been recognized since Bleuler, with many arguing that schizophrenia is a clinical syndrome that encompasses multiple diseases. 1 There has been longstanding interest in clarifying this heterogeneity by identifying phenomenological characteristics that may distinguish subgroups of schizophrenia. One method of classification is reflected in the second to fourth editions of the diagnostic and statistical manual of mental disorders (DSM) that incorporated some of the classical subtypes-paranoid, catatonic, disorganized, undifferentiated, and residual. These subtypes have however been dropped in DSM-5 over concerns about their limited temporal stability, phenomenological clarity, and validity. 2 Another method involves the classification of people with schizophrenia into deficit and nondeficit schizophrenia subgroups. 3, 4 The deficit form of schizophrenia refers to a subgroup of individuals who display negative symptoms that are enduring or trait-like, and are idiopathicnot secondary to other aspects of the illness, such as psychosis, depression, anxiety, medication effects, intellectual disability, environmental deprivation, or other illnesses. The deficit subgroup is thought to reflect a distinct entity within the broader diagnosis of schizophrenia and has unique etiological, neurobiological, course-related, and other pathological profiles that make it distinct from nondeficit forms of schizophrenia (supplementary table  S1) . Deficit schizophrenia therefore represents the most viable candidate for a separable disease entity within the schizophrenia syndrome. Despite substantial support for the deficit schizophrenia classification, the categorical view of negative symptoms is not uniformly accepted and some have proposed that negative symptoms, and even deficit schizophrenia itself, is best viewed dimensionally (ie, individuals differ in the "degree" or "amount" rather than "status.").
Few studies have yet quantitatively examined the underlying structure of negative symptoms to determine whether the negative symptom construct is best viewed dimensionally or categorically, or whether the clinically derived deficit schizophrenia categorization has validity when evaluated statistically. These issues are of critical importance because of their relevance to the assessment and conceptualization of negative symptoms, as well as its treatment. Advances in multivariate statistics make it possible to evaluate the underlying structure of negative symptoms and validity of the deficit syndrome classification. These advances include taxometric analysis [38] [39] [40] [41] [42] [43] and latent variable mixture modeling (LVMM) [44] [45] [46] that allow for the investigation of whether distinct subpopulations exist within a variable of interest, such as negative symptoms (supplementary tables S2 and S3 for primer on taxometric analysis and LVMM).
Although the aforementioned statistical methods have grown in popularity and have been applied to the study of several psychiatric constructs, 47 only one study has used these techniques to investigate discontinuities in negative symptoms. 48 Blanchard and colleagues 48 obtained evidence of a negative symptom taxon that comprised 28%-36% of their sample using taxometric methods. They did not however directly test the validity of the deficit vs nondeficit categorization. Taxometric studies require very large sample sizes (>300 cases). 38 Although the sample size of Blanchard et al is large by most standards (n = 238), it did not afford a definitive test of the structure of negative symptoms.
The current study used taxometric and LVMM to examine: (1) the latent structure of negative symptoms-are scores on the schedule for deficit syndrome (SDS) better described by a dimensional, categorical, or hybrid dimensional-categorical model of negative symptoms? (2) The taxonic/dimensional status of clinically derived deficit schizophrenia classifications on the SDS-do discontinuities underlie ratings on deficit criteria or do people with schizophrenia differ in degree rather than status of deficit? (3) Whether taxometrically defined deficit/negative symptom taxa outperform clinically derived classifications in their associations with external validators known to be predictive of negative symptoms (eg, premorbid adjustment, functional outcome, neurocognition).
Method

Participants
Participants included 789 people with a DSM diagnosis of a psychotic disorder as determined via the Structured Clinical Interview for DSM-IV Axis I (SCID-I). This sample included 153 individuals who met criteria for the deficit syndrome based on the SDS. All participants were recruited from the outpatient and inpatient research units at the Maryland Psychiatric Research Center. The demographic and clinical characteristics of participants are summarized in table 1.
Measures
Negative Symptoms. The SDS 49 assesses the severity of 6 negative symptoms (restricted affect, poverty of speech, diminished emotional range, curbed interests, diminished sense of purpose, and diminished social drive), and whether those symptoms are primary/secondary and enduring (stable > 1 year). The measure is primarily intended to yield a categorization of "deficit" or "nondeficit" schizophrenia. Individuals meet criteria for the deficit syndrome if they have 2 or more negative symptoms that are clinically significant, and those symptoms are considered primary and stable. Psychometric studies of the SDS have indicated strong inter-rater reliability and convergent validity. [49] [50] [51] Factor analytic studies suggest that the SDS items assessing symptom severity load onto 2 coherent factors-avolition and restricted emotional expression.
52-54
Functional Outcome. The level of function scale (LOF) 55 measures community-based functional outcome in 8 areas: duration of hospitalization, frequency of social contacts, quality of social relations, employment, work quality, symptoms, ability to meet own basic needs, and fullness of life. LOF ratings are assigned on a 0-4 scale with high scores indicating better functional outcome (and decreased symptoms for the symptoms domain). All of the domains, except symptom severity, are rated for the last 6 months; symptom severity is rated for the past month.
Premorbid Social and Academic Adjustment. The Premorbid Adjustment Scale (PAS) 56 assesses premorbid functioning during childhood (up to 11 years), early adolescence (12-15 years), late adolescence (16-18 years), and adulthood (19 years and above). Five psychosocial domains are rated on a 0-6 point Likert scale, with 0 indicating normal adjustment and 6 indicating severe impairment-sociability/withdrawal, peer relationships, scholastic performance, school adaptation, and social-sexual functioning. Guided by the results of factor analytic studies, 57, 58 premorbid academic and social adjustment was computed by summing scores in these domains from childhood to late adolescence and obtaining the average across the number of life stages. 59 Current and Premorbid Neuropsychological Status. Current neuropsychological functioning and intelligence were indexed via the repeatable battery for the assessment of neuropsychological status (RBANS); 60 and Wechsler Adult Intelligence Scale-Third Edition (WAIS-III); 61 respectively. The RBANS assesses language, attention, immediate memory, delayed memory, and visuospatial reasoning. The WAIS-III was used to estimate participants' current intellectual functioning by administering the information, block design, arithmetic, and symbol search subtests. The Wide-Range Achievement Test (WRAT-3) 62,63 reading subtest was used to assess premorbid intellectual functioning.
Data Analyses
Clinician ratings on the SDS were submitted to 3 taxometric procedures-mean above minus mean below a sliding cut (MAMBAC), 40 maximum eigenvalue (MAXEIG), 42 and latent mode factor analysis (L-Mode). 42 SDS itemlevel ratings were similarly submitted to LVMM that combines confirmatory factor analysis (CFA), latent class analysis (LCA), and latent class factor analysis (LCFA)-a simple form of factor mixture analysis (FMA). 44, 45, 64 The reliability of taxometric and LVMM have been studied and well-established. [65] [66] [67] [68] [69] [70] Taxometric analyses were run within the R programming environment (R.2.12.1) 71 using program documentations authored by Ruscio. 72 LVMM was implemented using the Mplus version 5 program 73 with an integration algorithm.
Creation and Evaluation of Candidate Indicators
The first step is to create variables for taxometric analyses that capture the negative symptoms construct and the deficit syndrome. Certain taxometric methods may underperform when indicator variables poorly approximate a continuous distribution. 74, 75 Candidate indicators were thus created by summing item-level variables into composite scales. The creation of the composite scales was informed by the factor structure of SDS items (supplementary table S4 ). SDS negative symptom severity ratings (minus stability and primary/ secondary items) were first submitted to taxometric analysis, allowing for an evaluation of whether negative symptoms best reflect a dimensional or categorical construct. Next, the severity scores, along with primary/secondary and stability ratings were submitted to taxometric analyses to evaluate the validity of the deficit vs nondeficit categorization. Table 2 summarizes the distributional characteristics of the constructed indicator variables. All indicators exceeded the required degrees of separation (Cohen's d ≥ 1.25) between the putative taxon and complement groups necessary for taxometric analyses. 38, 76, 77 Although some within-class correlations slightly exceeded the r ≤ .30 38, 76 threshold, they are markedly reduced relative to the fullsample correlations (see notes in table 2). Given that information about deficit/nondeficit classification was available, the indicators were evaluated in the taxometric program with clinician-based SDS deficit/nondeficit classification as the apriori grouping variable.
Results
Are Negative Symptoms Dimensional or Categorical?
To evaluate whether negative symptoms should be considered dimensional or taxonic, the SDS severity scores from the 3-factor solution (avolition, emotional expression, and Individuals also had a schizophrenia spectrum personality disorder. Excluding these individuals does not change the results of data analyses appreciably. Additional follow-up analyses on just people with a schizophrenia diagnosis produced similar results.
social communication) were submitted to MAMBAC, MAXEIG, and L-Mode analyses. MAMBAC produced an average curve that peaked at the upper end of the distribution-supportive of a taxonic structure. The average MAMBAC curve (dark lines) is superimposed on curves generated by the entire distribution of categorical and dimensional comparison data in figure 1 (top left panel). The average curve appeared to be a better fit with the categorical simulation by falling mostly within the middle 50% of the sampling distribution. MAXEIG produced an average curve with a hump in the middle of the distribution-supportive of a taxonic structure. In figure 1 (middle left), there is no clear preference for either latent structure when the average MAXEIG curve is superimposed on categorical or dimensional simulations.
There is no clear evidence of a bimodal distribution of factor scores when the L-Mode curve is examined. When the L-Mode curve is superimposed on the categorical and dimensional simulations as shown in figure 1 (bottom left), there is a stronger fit with a categorical structure.
Multiple
Hurdles. An examination of the taxometric plots produced by the negative symptoms items generally 
Is the Deficit Syndrome Taxonic?
To evaluate the statistical validity of the clinically derived deficit vs nondeficit classification, the 4 SDS factorsavolition severity scores, emotional expression severity scores, primary/secondary ratings, and stability ratingswere submitted to MAMBAC, MAXEIG, and L-Mode. MAMBAC produced an average curve that peaked with a demonstrable "hook" at the high end of the distribution. Figure 1 (top right panel) suggests that the average MAMBAC curve better fits with the categorical simulation.
MAXEIG produced an average curve that had a prominent "hump" near the high end of the distributionsupportive of a taxonic structure. The average curve superimposed on the simulations appeared to be a better fit with the categorical rather than the dimensional simulation (middle right). Not only did the L-Mode curve demonstrate a prominent right (upper) mode that suggests a taxonic structure, it also appeared to be a better fit with the taxonic simulation (bottom right).
Multiple Hurdles. All 3 taxometric procedures supported a taxonic structure of the SDS-assessed deficit syndrome by consensus when the graphical plots 
Validation of the SDS Taxa
Having unveiled latent taxa, the following questions were addressed: (1) what is the association between taxometrically unveiled taxa and clinically defined deficit syndrome status on the SDS? (2) How do the SDS taxa compare with clinical classification of deficit status in the prediction of external variables? (3) What domains of SDS items are most relevant to the deficit taxon? (4) Do severity differences in SDS ratings predict external variables independently of class membership?
Case Assignment
Cases were assigned to taxon or complement categories using the base rate classification technique (supplementary  table S2 ). 42 Base rate classification has been shown to demonstrate higher accuracy at case assignment than alternative methods such as the Bayesian classification when data violate statistical assumptions. 78 To this end, the base rate estimates obtained from the analyses were averaged (0.202 for the deficit syndrome and 0.283 for the negative symptoms taxa). The base-rate classification technique assigned 156 individuals as members of the deficit syndrome taxon and 223 individuals as members of the negative symptoms taxon. 
Classification Agreement
When overlap between clinician-diagnosed deficit/nondeficit classification and taxometric classification was evaluated, there was high agreement between clinician diagnosis and taxometric case assignment for the deficit syndrome [κ = .795, χ 2 (1, N = 789) = 498.45, P < .0001]. Table 3 evaluates the conformity of clinician-assigned deficit diagnosis to taxometric-based deficit/nondeficit classification. This further informs about the degree to which clinician diagnosis on the SDS detects actual deficit taxon members.
The negative symptoms taxon (ie, based on SDS severity scores alone) had a slightly lesser agreement with clinical deficit classification (κ = .682, P < .0001). Only 63.68% of the negative symptoms taxon members were diagnosed as meeting deficit criteria, but 92.81% of those classified as deficit fell into the negative symptoms taxon [χ 2 (1, N = 789) = 390.03, P < .0001]. Table 4 compares taxometric classification (ie, membership in the deficit and negative symptom taxa) to clinical deficit/nondeficit classification on the SDS in the prediction of designated external variables known to show association with the deficit syndrome. Across external variables, taxometric assignment to the deficit and negative symptom taxa appeared to outperform clinician-based deficit categorization (ie, the correlations are often significantly larger). Although deficit syndrome taxon members had a slightly greater likelihood of being born in JulyAugust months than nontaxon members, the association did not achieve significance Of the premorbid adjustment variables, sociability, and peer relationships appear to have a life-long association with taxometric classification-ie, membership in both the deficit and negative symptoms taxa. Scholastic performance did not appear to be associated with either clinical or taxometric classification until adulthood. Taxometric classification was significantly associated with immediate memory, language, attention, delayed memory, overall neurocognitive functioning, and current and premorbid IQ. In contrast, clinician-based deficit classification was only associated with immediate memory and current and premorbid IQ. Taxometric classification was associated with all indicators of functional outcome.
Comparative Validity of Taxometric and Clinical Classification
Discriminating Deficit Taxon and Nontaxon Members With SDS Domains
With taxometric classification as grouping variable, a discriminant function analysis was used to evaluate how well SDS factor-derived item domains distinguish between members and nonmembers of the deficit taxon. There was significant separation between taxon and nontaxon members on all factor domains and the generated discriminant function explained a significant proportion of variance in deficit taxon membership (r c = .871, eigenvalue = 3.13, Wilk's λ = .242, χ 2 = 1113.81, P < .0001). Emotional expression items appeared to have the most relevance for the deficit taxon followed by primary/secondary items. Avolition and stability items were third and fourth in relevance, respectively (supplementary table S5).
Validity of Severity Scores Within TaxometricallyDefined Classes
To determine if a plausible latent dimension that is independently associated with clinically meaningful variables coexists with latent taxa, the association between SDS severity scores and the external validators within the unveiled taxon and complement groups was examined *P < .05. **P < .01. Table 4 .
Continued
(table 4-last column). Within the deficit and negative symptom complement categories; there were frequent associations between severity scores and premorbid adjustment variables. There were significant associations between severity scores and psychosocial functioning variables within deficit syndrome and negative symptoms taxon and complement categories. Only within the negative symptoms taxon were severity scores associated with neurocognitive variables-attention, overall neurocognition, and Full Scale IQ.
Further Evidence of Categorical Structures From LVMM
The SDS severity items were submitted to CFA, LCA, and LCFA to confirm a taxonic structure of negative symptoms. All SDS severity plus stability and primary/secondary items were similarly analyzed to determine the optimal number of latent classes that underlie responses on the SDS (table 5) . The CFA suggests that a 2-factor solution produces the best fit for SDS severity items, whereas a 4-factor solution best described the full SDS when the Bayesian information criteria (BIC), comparative fit index (CFI), and the Tucker-Lewis index (TLI) indices are examined. LCA favored a 3-class model for the SDS severity items and a 5-class solution for responses on the full SDS including severity, primary/secondary, and stability items. In contrast, LCFA favored a 2-class (taxonic) model for responses on the severity items and responses on the full SDS inclusive of stability and primary/secondary items. For SDS severity items (negative symptoms), the 2-factor/2-class model from the LCFA produced the best fit across all latent variable models and for the full SDS measure (deficit schizophrenia), the 3-factor/2-class model from LCFA appeared to best fit the data. The results of LVMM suggest that negative symptoms and deficit schizophrenia as measured by the SDS conform to a hybrid model of latent class and factor variables.
Discussion
Taxometric and mixture modeling generally favored the existence of a separable, nonarbitrary class of individuals with schizophrenia who were characterized by severe negative symptoms. There was also evidence of a separable class of individuals whose negative symptoms were idiopathic and enduring in the sample. The current findings extend those of Blanchard and colleagues by using a larger sample, evaluating an alternate negative symptom instrument (SDS), and replicating the base rate of the negative symptom taxon (28.3%). Taxometric analyses also obtained a deficit classification base rate of 20.2% that is close to the reported 15%-20% prevalence of deficit classification. Indicates model nonidentification-program detects too many latent factors or classes imposed on the data and prohibits model estimation. We did not evaluate a 4-factor latent class factor model for the full SDS measure because a 4-factor model required a large number of integration points that were prohibitive for the Mplus program.
Additional follow-up analyses on just people with a schizophrenia diagnosis did not change results appreciably.
The results suggest that there exist nonarbitrary boundaries within the schizophrenia syndrome when negative features are considered. The larger of these boundaries captures a group of individuals with very severe negative symptoms. A smaller boundary that includes only individuals with primary and enduring negative symptoms appears synonymous with the deficit classification. The robust detection of boundaries in negative schizophrenia is in contrast to the absence of clear boundaries in positive psychosis. 80, 81 Given the differences in the latent structure of positive and negative symptoms, the following conclusions may be drawn about the phenomenology of schizophrenia.
1. There is support for a nonarbitrary, separable (possible disease) entity in the schizophrenia syndromethe search for candidates should focus on the negative symptoms cluster. 2. To date deficit schizophrenia remains the most validated of the conjectured subtypes of schizophreniastudy results suggest that it represents a valid taxon and should thus be considered for inclusion in psychiatric nosology. Given that subtypes have been dropped from the DSM-5 and are slated for removal in ICD-11, one consideration is to create a separate psychotic disorder diagnosis defined by primary negative symptoms. Another is for negative symptoms criteria to be considered for a diagnosis of schizophrenia only when they are primary. 3. The deficit syndrome and persistent negative symptoms capture a different psychopathology and are phenomenologically distinct from the broader negative symptoms construct. Whereas the broader negative symptoms construct subsumes secondary forms, the deficit form and persistent forms are separable. 4. It is necessary for treatment studies to distinguish among forms of negative symptoms-that is whether primary negative symptoms (the deficit form), persistent negative symptoms (a broader category that includes primary), or transient negative symptoms presumed to be secondary to other causative factors rather than schizophrenia pathology per se are in view. The secondary form of negative symptoms is likely the most treatment responsive if the cause of the negative symptoms is identified and addressed clinically. For example, the removal of an antipsychotic that induces apathy, reduction of extrapyramidal symptoms that may cause diminished facial expression, and the treatment of psychosis that induce a paranoid social withdrawal may effectively alleviate secondary negative symptoms. 82 In contrast, studies that recruit individuals with primary and persistent forms of negative symptoms may provide a riskier test of treatment efficacy.
There was evidence from taxometric and LVMM that negative symptoms may in fact conform to a hybrid dimensional-categorical latent structure, wherein, a construct maintains coexisting categorical and dimensional elements that independently explain aspects of its phenomenology. 83, 84 Dimensional scores often remained significant predictors of external variables within the unveiled taxometric classes and the latent class factor models demonstrated best fit to the data in LVMM. Questions about the latent structure of the schizophrenia symptoms have traditionally pitted categorical vs dimensional hypotheses without due consideration for the possibility that coexisting taxonic and dimensional sources of heterogeneity exist within the same disorder-an issue that has generated some discussion in psychiatry. 39, 83, 84 One issue that has led some to disregard a categorical conceptualization of negative symptoms is the problem of how to deal with individuals who fall just short of meeting criteria for the deficit subgroup. Are these individuals really that different from those included in deficit category membership? Dantas and colleagues 85 identified a subgroup of "ambiguous nondeficit" individuals clinically similar to the deficit group but whose persistent negative symptoms could not be ascertained as primary or secondary. They suggested that the presence of this intermediate category better supported a dimensional model. Their method and results are not, however, a definitive test of a latent structure hypothesis. The current study detected intermediate degrees of category membership, which suggested that there were some nontaxon members that fell close to the taxonic boundaries. These individuals were rated as having negative symptoms at levels comparable to taxon members, but were distinct from taxon members in that they were likely to have secondary negative symptoms. It is noteworthy that the SDS is designed to minimize false positive ascertainment of deficit schizophrenia. Minimizing false positives is however likely at the expense of an increased propensity to assign some deficit cases as nondeficit. In addition, the simultaneous manifestation of negative symptoms with thought disorder creates uncertainty as to whether negative symptoms are secondary to the thought disorder. Such cases are thus classified as nondeficit based on uncertainty, rather than an affirmative confirmation of their nondeficit status. These factors may explain why "ambiguous deficit" cases are clinically similar to deficit cases. Whereas clinical diagnosis tended to assign these individuals to the nondeficit class, taxometrics tended to assign them as taxon members. Hence the size of the deficit taxon is slightly greater than the number of clinically diagnosed deficit cases. Comparisons of deficit vs nondeficit groups may however consider excluding intermediate category members to assure clearer group distinctions.
The possible taxonicity of negative symptoms and the deficit syndrome engenders questions about the apparent presence of negative symptoms in disorders outside of schizophrenia. Indeed it is possible for people with schizoid PD, autism spectrum disorders, and traumatic brain injury to meet deficit criteria. [86] [87] [88] [89] [90] It is unclear whether the categorical structure observed here would also apply to these other conditions, or if they are better viewed from a purely dimensional framework 91 ; however, this is an important future direction. The current findings also have implications for conducting studies from the NIMH Research Domain Criteria (RDoC) framework. Our results supported a hybrid categorical-dimensional model, which suggests that it may be beneficial to explore neural circuitry from a dimensional standpoint in participants who cross a relevant threshold for negative symptom severity.
